Both asparagine and glutamine are dicarboxylic amino acid amides, and need not be supplied for the growth of rats because of the asparagine and glutamine synthetase activities in rat tissue.1* However, several workers have claimed that the maximumgrowth of rats is dependent on dietary asparagine during the early phases of development, since endogenous synthesis of this amino acid from aspartic acid is inadequate to meet all of the animal's needs.2~6) Breuer et al. have demonstrated the improved growth of young rats by the addition of asparagine to an amino acid diet,3) and a higher conservation of asparagine carbon in the bodies of rats compared with aspartic acid carbon when the labeled amino acid was given.4) Although it is unlikely that asparagine has a major function other than that of a protein constituent in the animal, glutamine plays a central role in nitrogen metabolism and an important vehicle for transporting nitrogen from muscle to intestine and kidney tissue. 1?7)
In the previous experiments, we investigated 1867 the metabolic fate of the carbon skeletons of individual 14C-labeled amino acids in growing rats fed on diets with a graded level of purified whole egg protein.8~17) It was found that the carbon skeletons of the nonessential amino acids, alanine, aspartic acid and glutamic acid, were markedly oxidized to expired carbon dioxide even with protein depletion, but a considerable amount of glycine, serine and proline was incorporated into the body protein.
In contrast, the carbon skeletons of essential amino acids were preferentially used for body protein synthesis. The results also suggested that the metabolic fate of each of these amino acids was quite different, one from another, showing a systematic pattern that is peculiar to their essentiality and catabolic activity. In this paper, the experiments were extended to include the metabolic fate of asparagine and glutamine in the bodies of growing rats fed with diets of various protein to energy ratios, by measuring the distribution of radioactivity from the 14C-labeled amino acids to the expired carbon dioxide, urine, body protein, body lipid and body soluble fractions. There are apparent differences in the metabolic pattern of asparagine and glutamine in rats. Amersham, Japan. On the last day of feeding, the rats were starved for 9hr, from 12 :00 to 21 :00, and then given the same experimental diets for 3 hr, from 21 : 00 to 24 : 00. After this feeding, 14C-labeled amino acid in a saline solution was administered by intraperitoneal injection. The standard dosage was 3.20/^Ci/0.4ml/100g of body weight for 14C-asparagine and 3.06//Ci for 14C-glutamine.
Immediately after the injection, each animal was placed in a glass metabolism apparatus, and offered only water. The expired CO2 was collected in a mixture of monoethanolamine and ethyleneglycol monomethyl ether (1 : 2, v/v) for 12hr, and the radioactivity was measured by the method of Jeffay and Alvarez.20) Urine was collected in 5% acetic acid for 12hr, and the radioactivity was measured in an NT (Nonion-toluene) scintillation solution containing 4g ofPPO per liter of 3 parts ofnonylphenoxy polyethoxy ethanol and 7 parts of toluene.21}
Analyses. The animals were killed by decapitation 12 hr after administering the isotopes. The liver was removed, and the shed blood was combined with the carcass. The carcass and liver were homogenized and analyzed for radioactivity in their major components such as the protein, lipid and soluble fractions, details of which were described in our previous paper.13) A portion of the homogenates was with a chloroform-methanol (C-M) mixture (2 : 1, v/v)22) to obtain the lipid fraction, and the residue was then extracted with cold 10%trichloroacetic acid (TCA). The TCAextract was combined with the upper-phase solution by Folch's washing method to obtain the soluble fraction of the sample. The TCA-insoluble residue was dissolved in 2 N NaOHas the protein fraction. The radioactivity of the lipid fraction was measured in a toluene scintillation solution containing 4 g of PPOand 0.5 g of POPOPper liter of toluene. The radioactivity of the protein and soluble fractions was measured in an NT scintillation solution as already described, the radioactivity being measured with a liquid scintillation spectrometer (Packard, 3255) . The efficiency of the counting system was estimated for each sample by an external standard ratio method.
In the experiment for 14C-asparagine, the tissue protein was hydrolyzed with 6n HC1 at 1 10°C for 24hr in a sealed tube, and amino acids in the hydrolysate were analyzed in an amino acid analyzer (JEOL, 6AHS). The effluent of the column was divided into two streams, the first one being used to detect the amino acids by the ninhydrin reaction and the second for measuring the radioactivity.
Statistical
analyses. The results were tested by an analysis of variance, and Tukey's procedure for multiple comparisonswasused to evaluate the statistical significance with a probability level of 0.05.23)
Results
The growth curves of the 10, 15 and 30 PC% groups were almost linear, while that in the 5
PC%group was slightly retarded during the early days of the experimental period (Fig. 1) . The body weight gain reached its approximate maximumat around 10PC%in the diet. The The recovery of radioactivity in the expired four rats in each group). The production of expired 14CO2 for 12hr after injecting the labeled asparagine decreased gradually with increasing dietary protein level from 0 to 10 PC%,but thereafter it increased in the rats fed on the higher PC%diet. The expired 14CO2production from labeled glutamine was significantly greater than that from However, when labeled glutamine was administered, the urinary excretion of the label increased with increasing dietary protein calorie percentage, about 8% of the dose being recovered in the 30PC%group. The incorporation of radioactivity from the labeled asparagine into the carcass protein was high in the 0 and 10PC%groups (more than 50% of the dose), but it decreased significantly with increasing dietary protein level to 30 PC%.
The incorporation of labeled asparagine into the liver protein remained unchanged over all the dietary groups. The conversion of asparagine carbon into the carcass lipid was about 2% of the injected dose, while the recovery of the label in the carcass soluble fraction was about 4 to 5%. No significant difference was observed among the dietary groups for the recovery percentages of radioactivity in both the lipid and soluble fractions. On the other hand, the incorporation of labeled glutamine into the carcass protein was low in the 0 PC% group, and then slightly but significantly increased in the higher PC% groups (about 20%of the dose). The incorporation of labeled glutamine into the liver protein was very low.
Thus, the incorporation of labeled glutamine into the carcass and liver protein was much less than that of labeled asparagine. The conversion of glutamine carbon into the carcass lipid was somewhat higher than that of asparagine among all the dietary groups. The recovery of radioactivity in the soluble fraction of the carcass and liver was about 1 to 3%of the dose, and there was no significant difference amongthe dietary groups. The amino acids were analyzed in an automatic amino acid analyzer using a lithium citrate buffer.
In the experiment with 14C-asparagine, the distribution of radioactivity in each amino acid fraction after hydrolyzing the carcass and liver protein was examined. Typical elution patterns for the carcass and liver protein hydrolysates in the 15PC% group are shown in Fig. 2 . A large peak of radioactivity was detected only in the aspartic acid fraction, and only negligible quantities of the label were detected in the other amino acid fractions. Since asparagine in the tissue protein was converted to aspartic acid by hydrolysis, the amounts of 14C incorporated as asparagine per se coluld not be determined. When the protein hydrolysate from a pooled sample of each dietary group was analyzed in the samemanner, no difference in the elution patterns of the label was observed amongthe dietary groups. Because of the small amount of the label incorporated into the tissue protein from 14C-glutamine, the distribution was not examined for this amino acid.
Discussion
In our previous studies, the matabolic fate of the carbon skeletons of 18 individual amino acids was examined in growing rats in relation to nutritional data on the protein and energy metabolism. The metabolic aspects of these amino acids are classified into three groups. The first one includes nonessential amino acids which are rapidly degraded to expired carbon dioxide but incorporated to a lesser extent into the body protein, the second includes nonessential amino acids which are used for bod}' protein synthesis rather than for energy production, and the third includes essential amino acids that are preferentially used for body protein synthesis. In this experiment, the metabolic fate of the carbon skeletons of asparagine and glutamine was subsequently examined under similar feeding conditions.
As shown in Fig. 3 , the expired 14CO2production and x^-incorporation into the body protein from labeled asparagine and glutamine are comparedwith those from labeled aspartic acid and glutamic acid, the patterns of which were reported previously.12'13) The values for the body protein fraction are the sumof the carcass and liver. The expired 14CO2 output from labeled asparagine was markedly lower than that from labeled aspartic acid, glutamine and glutamic acid. Conversely, the incorporation of asparagine carbon into the body protein was significantly higher than that of aspartic acid, glutamine and glutamic acid. A greater amount of the asparagine carbon was incorporated into thebodyproteinin the 0 to 10PC%groups, but it decreased in the higher PC%groups. The In the course of degradation, the deamidation of asparagine to aspartic acid and of glutamine to glutamic acid are catalyzed by asparaginase and glutaminase, respectively, and they are quite specific to each other.
Steward and Thompson25) mentioned that the presence of asparaginase was to the lesser extent, and that glutaminase played a significant rule in animal tissues, while in plants both the deamidases which hydrolyze each amide were widespread. They also demonstrated that, because of the occurrence of intramolecular interaction between the amide and carboxyl group, asparagine rather than glutamine had the more anomalous structure, which is cyclic, so that the amide group of asparagine appears to be more stable than that of glutamine. Thus, it seems that glutamine is readily converted to glutamic acid in mammalian tissues, but asparagine to aspartic acid dose not occur. If asparagine is readily converted to aspartic acid, the carbon of labeled asparagine might be degraded more rapidly to the expired 14CO2, because the 14CO2 output from labeled aspartic acid was very high as described previously. 1 3) Although nutritional studies for the modulation of asparagine catabolic enzymesare limited, increasing activity ofhepatic asparaginase by a high protein diet was found in rat26) and chick27) livers.
